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ABSTRACT. - Scales and otoliths were collected from 304 specimens of the Antarctic fish 
Notothenia gibberifrons. When inter preled separately, only 25% of scale and otolith readings 
agreed. When a scale and otolith from a single specimen were interpreted simultaneously, 
75% of readings agreed 60% of scale readings and 30% of otolith readings changed between 
separate and simultaneous interpretations. Estimates of age tend to be lower when made 
from scales. Predictions of yield per recruit utilising age data derived from scales are approxi¬ 
mately 30% greater than predictions utilising age data derived from otoliths. 

RESUME. - Des ecaitles et otolithes ont etc preleves sur 304 specimens du poisson 
amarctique Sotothenia gibberifrons, l.orsque les lectures d age a partir dec allies et d otolithes 
avaient ete analvsecs scparemcni sculement 25% des resultats coincidaient. Lorsque une 
ecaille cl un otolithe du meme specimen avaient ete analyses en memo temps, 75% des lectu¬ 
res concordaicnt. 60% des lectures d'ecailles et 30% pour les otolithes differaient selon que les 
interpretations avaient etc separecs ou sirmiltanees. Les estimations de lage ont tendance a 
etre moins elevees lorsqu dies sont fondees sur les ecailles. Les predictions de rendement par 
recrue utihsant les determinations d age obtenues a partir des ecailles sont approximativement 
30% plus elevees que les previsions utihsant les donnees de l age fondees sur les otolithes. 

Key-words: Notolheniidae, Notothenia gibberifrons, P$\\\ South Georgia, Antarctica, Age 
determination. Otolith reading. Scale reading. 


The study and management of fish populations require the acquisition of 
age data. The age of Antarctic fish is usually determined by studying growth 
increments in die hard tissues, most commonly scales and otoliths. Ideally, there 
should be no variation between repeated interpretations of one material or between 
Lhe interpretation of different materials sampled from the same specimen. However, 
variations do occur due to the subjectivity of observations and die differential for¬ 
mation of the hard structures and marks within them (Hureau, 1970; Frey tag, 
1980). 

The standardisation of methods of preparing materials and subsequent 
interpretation is therefore important and has been the subject of two workshops 
organised by the Fish Biology Working Party of the SCAR SCOR IA BO ACMRR 
Group of Specialists on Living Resources of die Soudiern Ocean (Everson, 1980; 
DeWitt, 1982), and one organised by the Commission for the Conservation of 
Antarctic Marine Living Resources (CCAMLR) in Moscow 1986 (Lubimova, in 
prep.). 


(1) British Antarctic Survey, Natural Environment Research Council, High Cross, Madingley 
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Cybium I990 t 14(1): 43-55. 



44 



Fig. 1: Interpretation of age Irom scale and otolith material of three specimens or Notothenia gibber if ran s caught in December 1986 (with 
annuli indicated), a. b t c: Age estimated as 3 years o1d h total length 177mm. d, e, I': Age estimated as 7 years old, total length : 321mm, 
g, h, i: Age estimated as 13 years old, total length 416mm, 
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II is important to resolve the confusion which still exists regarding which of 
the various published length-at-age schedules are most appropriate to die South 
Georgia stock of .V. gibberifrons (Gabriel, 1987) in order that the exploitation of 
this stock can be properly managed. Specific requests have been made by 
CCA MIR for age-length keys for N. gibberifrons for recent years (Anonymous, 
1988). As a contribution to this work we were interested in investigating differences 
between age estimates derived from scales and those derived from otoliths, and 
identifying which material produced the most reliable results, 

Koek ei ai. (1985), from various published data, have estimated the status 
of the South Georgia stock of S\ gibberifrons . They predicted the yield per recruit 
and used this to infer die effect of die fishery on die slock. However, the validity of 
any comparisons between published data must be suspect if the estimation of age is 
inconsistent. We examine how the difference between age estimates derived from 
scales and those derived from otoliths affects predictions of die yield from an 
exploited slock using currently applied management models. We highlight the limi¬ 
tations of such models and make recommend a lions regarding die suitability of cer¬ 
tain ageing methods for use in future stock assessment. 

The terminology used to describe techniques and the interpretation of 
growth increments is according to Everson (1980). 


MATERIALS AND METHODS 

Materials were collected in collaboration with scientists from the United 
States and Poland during Phase I of the L.S. Antarctic Marine Living Resources 
Program Ecosystem Monitoring Survey 1986-87, conducted aboard the R.V. 
Professor Siedlccki (Anonymous, 1987a). Scales and otoliths were collected from 
N. gibberifrons sampled from 37 stations on the South Georgia continental shelf 
during the summer season (between 30 November and 16 December 1986) with a 
Polish commercial bottom trawl (80mm stretched mesh, 20mm stretched mesh 
cod-end liner). Total length of specimens was measured to die nearest millimetre 
below. 

Materials were stored dry. Scales, taken from the mid-lateral region 
posterior to the pectoral fin articulation, were washed in detergent, mounted 
between glass slides and dried. The slides were placed in a microfiche reader and 
the image of the scale analysed; only complete distinct annual checks were counted 
(F-ig. I a.d.g). 

Otolith sections (0.5mm) were prepared by the thin-sectioning technique 
(Bedford, 1983) and hyaline zones counted using a binocular microscope. Two 
forms of illumination were necessary as the innermost hyaline zones were more 
clearly visible using transmitted light (I ig. 1 b,c,h) whereas the outermost zones 
were best observed using reflected light (fig. 1 c,f,i). Dark field illumination under 
transmitted light was achieved by the use of two polarising filters aligned 9U = out of 
phase. 

All samples of scales and otoliths were interpreted twice. On the first occa¬ 
sion they were read separately, a scale reader (Skora) interpreting the scales and a 
otolith reader (Coggan) interpreting the otoliths. On the second occasion they were 
read simultaneously. A video camera was attached to the microscope used to exa¬ 
mine the otolith and the monitor Tor the camera placed next to the microfiche 
reader used to examine scales, allowing immediate comparison between the two 
samples from the same specimen. Working together, the readers then interpreted 
the scale and the otolith without reference to the initial interpretations. If there was 
some discrepancy between the scale and otolith readings in this simultaneous 
interpretation, the corresponding annuli in the two materials were matched to 
identify any evident misinterpretations (false checks or indistinct annuli). If 
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misinterpretations were found then the results were adjusted accordingly. If no 
misinterpretation was found then the discrepancy was allowed to stand, 

The complete data set has values for total length and four separate age 
interpretations for a total of 304 specimens. The four age estimations were denoted 


as follows. 

Age fro m sea I e$, separa te i n terpre t a ti on .Scl, 

Age from otoliths, separate interpretation .Oth 


Age from scales, simultaneous interpretation „,,Sc2, 

Age from otoliths, simultaneous interpretation „Ot2, 

Instances where Sc2= Ot2 (n= 233) were referred to as the "joint agreed 
age’ and this subgroup denoted as SO, 

Statistical analyses and the fitting of the Von Bertalanffy growth model were 
performed on a VAX 8350 computer using the statistical package GEXSTAT, ver¬ 
sion 5 (Payne et al.> 1987), 


RESULTS 


Summary of data 

Figure 2 shows die length'frequency distribution of the 304 specimens in the 
sample. Total lengths ranged from 110mm to 500mm. It is dear that cohort 
analysis of this data would be most difficult, f igure 3 gives the age-frequency distri¬ 
bution for the 233 specimens of the subgroup SO as we believe that this subgroup 
provides the most reliable estimates of age. 

Comparison of age interpretations 

A comparison between two age interpretations, eg, Scl and Oil, was made 
by subtracting the value of Oil from that of Scl for each of the 304 specimens and 
calculating the frequencies of the resultant differences. The results of four 
comparisons are shown in Figure 4. 



TOTAL LENGTH (mm) 

Fig. 2; Length-frequency distribution for the 304 Notothenia gibbenfrons sampled For this 
study (with length in 10mm intervals, e,g, 100-109 mm inclusive). 
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AGES IN YEARS 


fig, 3: Age-frequency distribution for the 233 specimens of A\ gibberifrons belonging to the 
subgroup SO (see text). 

Most variation is evident in comparisons involving Scl and it is clear from 
the asymmetry in Figures 4a and 4c dial Scl generally gives lower estimates of age 
than Oil or Sc2* Figures 4c and 4d show that scales give a lower estimate of age 
than otoliths in both separate and simultaneous interpretations* A chi-squared (y 2 ) 
test shows that the scale readings are significantly lower than the otolith readings 
(p < 0.001) for both interpretations, although the value of y 2 for the simultaneous 
interpretation was less than that for the separate interpretation by a factor of Len. 

Figures 4a and 4b show that the interpretation of otoliths is more consistent 
than that of scales. I he least variation between any two interpretations is between 
Sc2 and Ot2 (Fig. 4d). There is a similar low variation between the two 
interpretations of otoliths (Fig. 4b). 

Causes of variability between age determinations 

It is important to account, as far as possible, for the observed variation 
between Scl and Otl. The subjectivity of observations is always a likely source of 
error but tins could not be investigated here as replicate readings of the same 
material by different observers were not made. Another possible cause of variation 
which could be explored was die differential formation of growth increments in 
scales and otoliths* Such differences could occur in the rate and or onset of 
deposition of die growth increments. 

The Von Berlalanffy growth formula (VBGF) is a widely applied 
mathematical model of fish growth. It, the length at age t (years), is calculated 
from the formula:- 

L t = ( 1 -c-*n-y) 

where (maximum theoretical length), k (instantaneous growth coefficient) and 
tfl (theoretical age at which L t = 0) are parameters to be estimated* The shape of 
I he curve is determined by these three parameters where fixes the asymptote of 
the curve, k defines the slope and t 0 is the intercept on the Lime axis. 
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INTERPRETATIONS (YEARS) 


Rg. 4: Differences between various age interpretations of 304 specimens of Noiothenlct 
gibber ifrons expressed as % frequency of the differences resulting from the following 
subtractions, a: Scl - Sc2. b: Oil - Gt2, c: Scl - Otl. d: Sc2 - Ol2. 

When this model was fitted lo the data for the separate age interpretations, 
Scl and Otl, different shaped curves were obtained (Fig* 5), These differences in 
shape can be due to differences in either L,^, k or t 0 or any combination of these. 
The pattern of differences was investigated by comparing these curves with those 
produced when die model was constrained so that one, some or all of the 
parameters (L^, k or t 0 ) were common to the curves for Scl and QtL When 
compared to the fit of the unconstrained model, the goodness of fit of the various 
constrained models indicates which of the constrained models best explains the va¬ 
riation between the two age interpretations. 

For these data, the model with common k and and separate best 
explained the variation between Scl and Otl. Thus the two curves of the 
constrained model (Fig. 6) have a similar shape, the curve for scales being shifted 
left along the lime axis relaLive to that for otoliths. 
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Fig. 5: Growth curves derived from fining the unconstrained Von Berta]anffy growth model 
to Lhe data for Scl (- - - ) and Gtl (—). 



Fig. 6: Growth curves for Scl (-} and Oil (—) produced w'hcn the Von BerialanfTy 

growth mode! was constrained so that the curves had common values of Loc and k but 
different values for Lq. 

DISCUSSION 

Variability in age interpretations 

Boronin and Frolkina (1976) found some discrepancy between their 
interpretations of scales and otoliths from fifty N. gibberifrons but deemed these to 
be insignificant and subsequently aged all of their specimens by the interpretation 
of scales alone. The results of our study show that for iV. gibber ifrons, the ages 
determined from scales are significantly different to those determined from otoliths. 
Age determination was most consistent when scales and otoliths were interpreted 
simultaneously (Fig* 4d) but die two interpretations of otoliths (Fig. 4b) gave a 
similarly low variability. A bias in the determination of age appears to arise in the 
interpretation of scales which tend to underestimate die age as derived from 
otoliths, usually by one year (Fig. 4c). In addition, die interpretation of scales is 
more variable than that of otoliths (Figs 4a, 4c). If a precise age is required then 
die interpretation of scales alone should be avoided. 
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The nature of the differences between Sc I and Otl was investigated by 
fitting constrained models to the data* Since the length of the fish remains the 
same whether aged from otoliths or scales, it follows that must be the same for 
both curves. If annuli were laid down at different rates in scales and otoliths then 
differences in the parameter k w'ould wholly account for the differences in the 
curves w'hen i 0 w'as forced to be die same for both. If however, there were a 
difference in die onset of deposition of annuli in otoliths and scales but they were 
subsequently formed at the same rate, then the differences between the curves 
would be wholly attributable to different values of l 0 with the values for k and L w 
common to both curves* Here, it was die latter model which best fitted the data 
and so we can conclude that growth increments were formed at the same rate in 
scales and otolidis. This conclusion is supported by Lhe observations or North 
(1988). 

The differences between Scl and Otl seem, therefore, to be reflected only in 
the parameter t 0 . This parameter is commonly thought to represent a theoretical 
age at which Lhe total length of the fish was zero, and relies on the assumption that 
die structures used to age die fish hold a complete record of growth throughout the 
fish's lifetime (Le* they were first formed at time t 0 ). This underlying assumption is 
clearly incorrect as we have two different values of l 0 for the same sample of fish. 
In fact, the parameter has no simple meaning with respect to the life history of 
the fish; it is an abstract concept of value in modelling the data. Since we do not 
know the true age of the fish but merely the number of annual growth increments 
we have counted in the various hard structures, the two values we have obtained 
for t 0 indicate that scales and otolidis start to record die fish s growth at different 
times in its life history. We deduce diat scales are formed later than otoliths 
because the Scl curve lies to the left of die Otl curve. However, it is not possible to 
determine* by extrapolation from diis analysis, the magnitude of the time difference 
between the formation of scales and otoliths because the assumptions underlying 
die Von Bertalanffy model* such as constant growth rate, are not valid for larval 
growth or for growth periods less dian one year. 

The differential formation of oLolidis and scales, and of the first annulus 
within them* has been observed in a number of Antarctic fish, f or example, 
llureau (1970) reports that for .V otoihenia cyanohrancha , otoliths have n opaque 
zones where scales have ml annuli. Freyiag (1980) pointed out that the 
interpretation of the first annulus of scales from Sotoihenia rossii was open, as 
some fingerlings had fully formed scales (and presumably annuli) before their first 
wimer but others still had no scales in March and would probably not form scales 
until after the following spring. Our study has deduced, from a mathematical 
model, that scales and otolidis do not form at the same lime in N. gibberifrons . 
The model indicates that, on average, Lhe difference is less than one year (t Q for 
Scl = 0.534, t 0 for Otl = -0.812, difference = 0.278 years) which indicates that in 
some individuals die first annul us in scales and otolidis is formed synchronously, 
while in oOiers die formation of die first scale annulus lags the formation of die 
first otolith annulus by one year. 

We are not aware of any detailed studies of the formation of scales in N. 
gibberifrons. In a brief initial study. North (pers. comm.) has found that A r , 
gibberifrons start to form scales at a total length of 3 7-40mm, a length attained in 
March by the 1977 cohort. Efremenko (1979) reported catching larval N. 
gibberifrons around South Georgia as early as November and as small as 8.5mm 
total lengdi. Thus, the larvae observed by North could be up to five months old 
before scales begin to develop, Boronin and Frol kina (1976) found that annulus 
formation took place from April to October m immature individuals and between 
May and August in mature individuals. There is clearly a need for more study if 
the use of scales as a material for ageing N. gibberifrons is to be used with confi¬ 
dence. 
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Implications for stock assessment and management 

A full assessment of the effect of the observed differences in age derived 
from scales and otoliths on slock assessment and management is beyond the scope 
of this paper. However* some implications of the effects of these differences can be 
illustrated by comparison of growth curves and yield per recruit (Y R) curves 
based on Lhe data from Scl and Oil. Although the growth curves may look similar 
when plotted (Fig. 5)* nevertheless small differences between them accumulate to 
give markedly different estimates of yield per recruit. Table I gives the estimates of 
parameters of the Von Bertalanffy growth curve fitted separately, that is with all 
parameters unconstrained, to the data for Scl and Oil, These values are used in 
the calculations described below. 

The estimations of yield per recruit (Y R) presented in Figure 7 are based 
on the B ever ton and Holt (1957) method of calculation* as simplified in tabular 
form by Gulland (1969). Following Kock et a /, (1985), who performed a similar 
analysis on data based on ages determined from scales published by Boronin and 
Allman (1979)* we have assumed values for the coefficient of natural mortality (M) 
= 0.3 and age at recruitment (l r ) = 3 years. Our values for were derived from 
Lhe length weight relationship = O.OObL^ 1 - 1 " 87 proposed by Skora (1980) as 
this was centred in die range of length weight relationships for N. gibben/rons 
quoted in table 4 of Kock et al. (1985). 

The predictions of yield per recruit based on Scl (Fig. 7a) range from 
20-30"o greater (at a fishing mortality F= 0,5) than those based on Oil (Fig, 7b)* 
a difference which could well affect a decision regarding the economic viability of a 
fishery directed at the South Georgia stock of gibberifrons. Knowing that age 
estimates based on the interpretation of scales are more variable than those based 
on the interpretation of otoliths it would be wise to err on the side of conservatism 
and use the Y R predictions based on Oil in any decision regarding management 
or exploitation of the slock. 

Our predictions of yield per recruit based on Scl data were not directly 
comparable to Lliosc predicted by Kock et al. from Boronin and Altman's data 
(fig, 50 in Kock ei al-* 1985) as the latter were based on a calculated from the 

relationships = 0*0166L oo 3 ^ However* when their YR curves were 

recalculated using a based on the relationship W M — 0.006L^ 0 317£ " r the 

predicted yields (at F = 0.5) were 10%-2Q% less than those which we predicted. 
Both predictions arc based on ages derived from the interpretation of scales alone, 
and aeLual measurements of total length. It is reasonable to assume that natural 
mortality will be little changed since Boronin and Altman s data were collected in 
1969-1971. Thus* to explain the above difference* we suggest that growth rate has 
increased since Boronin and Altman's survey during the early period of exploi¬ 
tation of die South Georgia fish stocks. This is consistent with accepted theories 
relating to increase in growth rates of newly exploited stocks due to decrease in 
interspecific competition for resources and supports oilier analyses of this stock 
(Anonymous* 1986; 1987b; Kock et al .* 1985). 

Table T: Estimates of parameters of the Von Bertalanffy growth formula fitted with ages 
derived from scales (Scl) and otoliths (Oil), Standard errors (SE) are given in parentheses. 


Age from 


k 

l 0 

Set 

57b. 9 

0.115 

-0. 534 

(5E) 

(16.8) 

(0.0078) 

(o.nt) 

Otl 

584.5 

C.095 

-0.812 

(SE) 

(22.5) 

(0.0082) 

(0.208) 
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Fig. 7: Predictions of yield per recruit (V R) for Noiothenia gibberi/rons around South 
Georgia plotted against Fishing mortality (F) for different values of age (years) at first captu¬ 
re. a: Calculated using growth parameters derived from age interpreted from scales alone 
(Sc1)< b: Calculated using growth parameters derived from age interpreted from otoliths 
alone (Oil). 

Comparisons with other puhlishcd work 

It is informative to compare a growth curve derived from this study with 
others for the South Georgia stock derived by Kock el a!. (1985) from other 
published data (I able II, Fig. 8), The curve chosen to represent this study is that 
derived from the joint agreed age (SO) because this is die most reliable length -st¬ 
age data available to us. 

Hoffman (1982) used pectoral fin rays for age determination of 186 
specimens estimated to he from 4 to 12 years old. The growth curve produced is 
radically different from those of oilier studies, indicating either that the age range 
and size of 11 oilman's sample were biased or that there was an unacceptable 
degree of inaccuracy in that method of age determination. These results must 
therefore be treated with considerable caution and this method of ageing should 
not be used until the technique can be shown to produce results which are consis¬ 
tent with other methods. 
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Table II: Estimates of parameters of the Von BertalanfTy growth formula From recent authors 
(after Kook et ai t 1985) and the joint agreed age (SO) from this study. 


Authors 

Study 

period 

n 

(mm) 

k 

to 

<*«> 

Shust & Pinskaya (1978) 

1969-74 

237 

585 

0.136 

-0.09 

Baronin & Altman (1979) 

1969-71 

2328 

529 

0. 15 

0.7 

Hoffman (1982) 

1980 

186 

474 

0.23 

-1.35 

This study (based on SO) 

1986 

233 

587 

0.102 

-0.36 

(Standard Errors) 



(23.2) 

(0.009) 

(0.190) 



Ejg, 8: A comparison of various Von Rertalanffy growth curves for the South Georgia stock 
of V. gibberifron$\ as derived by Kock et ai (1985) from published data (Hoffman, 1982; 
Shust and Pinskaya, 1978; Boronin and Altman, 1979) and by this study using age data from 
the subgroup SO (see text). 
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Shust and Pinskaya (1978) used scales Tor age determination of 273 M 
gibberifrons collecied between 1969 and 1974. Mean length at age was obtained by 
back calculation from scale length assuming a direct proportional relationship. 
This assumption can not be valid as scales do not record growth during the whole 
of the life history of die fish. Their methodology, rather than any great variation in 
the interpretation of scales, is die most likely cause of the differences between their 
curve and dial derived from this study, 

Boronin and Frolkina (1976) analysed a sample of more than 2000 N , 
gibber [from collected between 1969 and 197 1, They measured total length (range 
from 215-491mm) and determined age (range from 3-18 years) from scales, 
Boronin and Allman (1979) used those data to derive a Von BertalanfTy growth 
curve which is in close agreement with the curve derived from our study. These 
curves would therefore seem to be the most applicable to die study and 
management of this population. 


CONCLUSIONS 

A number of points of importance to the study of rV. gibberifrons and its 
management in the South Georgia fishery have been made and are summarised 
below, 

1. The interpretation of scales is subject to greater variability than that of otoliths. 

Simultaneous interpretation of scales and otoliths produces least variability. 

2. Ages estimated from scales were significantly lower than ages estimated From 

otoliths. In general, for V. gibberifrons, ages determined from scales alone 
arc likely to be one year less than ages determined from otoliths alone. 

3. Differences between the ages determined from scales and otoliths are due to 

differences in the time of formation of the first annulus rather than the rate 
of formation of successive annuli. 

4. The observed differences in age determinations are reflected in predictions of 

yield per recruit. The use of age data derived from otoliths gave yield 
predictions which were as much as 30°» lower (at F — 0.5) than predictions 
based on less precise age data derived from scales. 

5. T here is evidence that the growth rate has increased during the period of exploi¬ 

tation, 

6. Of the previously published growth curves, that of Boronin and Altman (1979) 

w'ould have been the most appropriate for use in the assessment and 
management of this stock, 

7. The YBGF recommended for use after this study takes the form 

L t = 587 ( 1 - e - 0-102 < t- ^36)) 

with the parameters = 587mm, k= 0.102 and = -0.36 years. 

8. Further study is required of the 0 and 1 age groups in order to quantify the 

difference between the growth recorded by scales and that recorded by 
otoliths. 
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